Effect of Withdrawal of Arginine and other Amino Acids on the
Synthesis of Turnout and Viral Antigens of SV 40 Virus (Accepted 7 March 1968) In recent years the role of arginine in the replication of certain intranuclear DNA viruses has been well documented. Rouse, Bonifas & Schlesinger (I963) demonstrated that arginine is required for the replication of type 2 adenovirus and Tankersley (I964) and Sharon (I966) showed that it is essential for the multiplication of herpes virus. More recently, Rouse & Schlesinger (I967) showed for type 2 adenovirus, Russell & Becker (I968) for type 5 adenovirus and Becker, Olshevsky & Levitt (I967) for herpes virus that arginine is not required in the early steps of virus replication which include synthesis of viral DNA, but is essential for the production of complete infectious virions.
The purpose of this communication is to report on the effect of depletion in arginine and other amino acids on the replication of SV 4o virus, and on the synthesis of the early 'T' antigen (Pope & Rowe, I964) and late viral coat proteins of this virus in BSC I cells.
BSC I cells (Hopps et al. I963 ) were grown in a medium consisting of 90 ~ Eagle's basal medium (Eagle, I959) containing 4 x the concentration of amino acids and vitamins (Eagle's modified basal medium) and IO ~ calf serum. The SV 40 virus suspensions used for infecting the cells were prepared in BSC I cells grown in Eagle's modified basal medium. The original seed virus came from a plaque-purified SV 40 virus preparation (Ashkenazi & Melnick, I96Z) . For the experiments on the effect of arginine on virus growth, BSC I ceils grown in milk dilution bottles were infected with a m.o.i, of I : 3, supernatant fluids from the infected cultures were harvested at various intervals after infection and the virus titrated on BSC I monolayers in Petri dishes using the method of Stinebaugh & Melnick (I96z) .
For the studies on the induction of 'T" and viral coat antigens, BSC I cells were grown in Leighton tubes on coverslips for 2 to 3 days until monolayers were formed. The number of cells on a coverslip varied from 2 x io 6 to 2"5 x io 5. SV 4 ° virus at a m.o.i, of 3 to Io was used to infect the cells on the coverslips. After a 3 hr period of adsorption the cells were washed once with phosphate buffered saline and covered either with Eagle's modified basal medium or with medium from which a particular amino acid was omitted; 2 % dialysed calf serum was added to the medium. For immunofluorescent staining the coverslips were washed twice with phosphate buffered saline, fixed in acetone for 3 min. at room temperature, dried, and stored at -60 ° until stained. Before staining, the coverslips were cut in two. One half was stained with fluorescein-conjugated hamster serum containing antibodies to SV 40 'T' antigen. This serum was obtained from tumour bearing hamsters in which tumours had been induced by inoculating IO ° cells from a cell line transformed in vitro by SV 40 virus (Ashkenazi, I965) . The other half of the coverslip was overlaid with fluoresceinconjugated monkey antiserum containing antibody to SV 40 viral coat protein. This serum was obtained through the courtesy of Dr J. L. Melnick, Houston, Texas.
It was prepared by infecting monkeys with purified preparations of SV 40 virus and conjugated with fluorescein in our laboratory. Both conjugated antisera were pretested for immunofluorescent staining in cross experiments for SV 40 'T' and viral antigens and found to be highly specific. Samples of supernatant fluids from infected BSC 2 cultures kept in complete medium or in medium without arginine were harvested daily for 5 days and titrated (Fig. 2) . In complete medium there was an increase in virus titre of about 3o-fold during the 5 days and a complete cytopathic effect on the 5th to 6th days. In the absence of arginine, there was no increase in virus titre within a period of 5 days after infection and cell monolayers were almost intact. Addition of 0.2 mM arginine to argininedepleted cultures on the 5th day after infection resulted in a complete cytopathic effect within 48 hr and virus could be detected at high titre.
The composite results of eight experiments on the effect of arginine on the synthesis of 'T' and viral antigens in BSC 2 ceils infected with SV 40 virus, indicated that synthesis of 'T' antigen was almost unaffected by medium without arginine whereas the effect on the synthesis of viral antigen was very pronounced ( 
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with viral antigen but only slight diminution of 'T' antigen in the cultures depleted of arginine as compared to those with complete medium. Destruction of cell monolayers occurred on the 4th day in the cultures with complete medium whereas in the absence of arginine only 38 % of the cells synthesized viral antigen and the monolayer was intact. Using the immunofluoresence technique similar experiments were made on the effect of depletion of the other 12 essential amino acids. BSC I cells in complete medium and in medium depleted of arginine were used as controls in these experiments. The synthesis of 'T' antigen was unaffected to any significant degree by depletion of the [2 essential amino acids. The effects of omitting different amino acids on the synthesis of the viral antigen depended upon the amino acids; these fell into three main groups. In group I (glycine, serine and lysine) no diminution in the percentage of cells synthesizing viral antigen was evident, the results being comparable to the Table x controls with complete medium. In group daistidine, methionine, cysteine, isoleucine, tryptophan and phenylalanine) a slight reduction in the number of cells synthesizing viral antigen was observed. In group 3 (threonine, valine and leucine) there was a marked reduction in the percentage of cells synthesizing viral antigen. However, in none of the latter was the effect as pronounced as when arginine was omitted.
Arginine seems to play an important role in the synthesis of SV 40 viral coat protein and is essential in the production of complete infectious viral progeny. Some late step in virus development is presumably impeded in the absence of arginine. Thus, a representative of the papovavirus group can be added to the herpes and adenovirus groups in which arginine is required for virus replication. Requirement of arginine in some late step(s) of the infectious process may, therefore, constitute a common feature of all intranuclear DNA viruses (Becker et aL I967; Rouse & Schlesinger, I967; Russell & Becker, I968) .
Since induction of 'T' antigen occurs early in the course of SV 40 virus replication (Pope & Rowe, I964; Rapp et al. I964) , the finding that depletion in arginine has no, or a very slight, influence on its synthesis is worth special emphasis. The role of 'T' antigen in viral oncogenesis is not yet known. Recent findings in Shope papilloma may well be linked with the observations presented in this report. Rogers & Moore 0963) found an elevated concentration of arginine in Shope papilloma induced tumours in io j. Virol. 3
